Sweet pepper (Capsicum annuum L.) fruits are an excellent source of bioactive products but the content of the same is related with the plant response to stressful conditions. Salinity is among the major constrains restricting to growth and development of plants, and optimizing irrigation strategies could improve fruit quality while saving good quality water.
an oxydoreductase enzyme involved in enzymatic browning, while diphenols act as reducing substrates in the enzymatic reaction (Robinson, 1991) . The involvement of POD in browning processes has been reported by many researchers (Richard-Forget & Gauillard, 1997) , although this effect is limited by the availability of electron acceptor compounds such as superoxide radicals, hydrogen peroxide, and lipid peroxides. The oxidation of a wide range of organic compounds by POD has led to speculation that this enzyme may be associated with losses in colour, flavour and nutritional values in raw and processed foods (Serrano-Martínez, Fortea, Del Amor, & Núñez-Delicado, 2008) .
Intensive cultivation of greenhouse-grown sweet peppers can achieve yields more than four times those attained in open-field production, and the high quality of fruit produced and off-season harvesting allow wholesale prices to be 3 to 5 times greater than for field-grown fruits (Jovicich, Cantliff, Sargent, & Osborne, 2004) . In soilless greenhouse cultivation, crop response is also affected by the different substrates in which plants are grown and, in some cases when the water quality is poor, by salt stress. The exact effect of salt stress depends on the plant age and on the duration (del Amor 2001; del Amor & Gómez-López, 2009; Morales-García, Stewart, Seguin, & Madramootoo, 2011) . Nowadays, more than 6% of the world's land area is salt affected, most as a result of natural causes and the accumulation of salts ver long periods of time in arid and semiarid zones (Rengasamy, 2002) . Pepper plants are often cultivated in regions where irrigation water is limited and contains high NaCl concentrations. Salinity decreases pepper yield (Navarro, Garrido, Carvajal, & Martínez, 2002) , a response that is also affected by the variety considered. Plants exposed to harmful stress conditions produce cytotoxic reactive oxygen species that can seriously disrupt the normal metabolism through the oxidative damage of lipids, proteins and nucleic acids. In order to defend themselves against oxidants, plants have developed specific protective mechanisms, involving antioxidant molecules and enzymes. Plants with high levels of antioxidants, whether constitutive or induced, have been reported as having greater resistance to such oxidative damage (Foyer, 1993) .
Among other damage, the use of saline waters for irrigation causes damage in plants such us toxicity and oxidative stress (Zhu, 2002) . These factors, separately or combined, have adverse effects on plant development, at different levels: molecular (Zhu, 2002) , biochemical (Parida & Das, 2005) , physiological (Munns, 2002) and whole plant (Munns & Termaat, 1986) .
In general, the physicochemical parameters of fruits, their flavour and nutritional properties are affected by the salinity of the irrigation water used. This inevitably affects the final quality of horticultural products (Navarro, Flores, Garrido, & Martínez, 2006) . In this paper, we study the effect of the salt concentration and the time of the application (plant age) on several quality parameters of pepper fruits (total phenolics, ascorbic acid, antioxidant activity and POD activity).
Materials and Methods

Sampling and Salinity Treatment
Sweet pepper plants (Capsicum annuum L. type Lamuyo, cv Herminio), obtained from a commercial nursery were transplanted on December 28, and grown in a greenhouse equipped with a computer-regulated drip irrigation system under controlled environmental conditions. Three plants were placed in each bag of soilless substrate (coconut fiber, brand Cocopeat ® ). Each substrate bag was irrigated with three pressure compensated, anti-drain drip emitters with a 4 L/h flow. Plants were irrigated according to the demand detected in the appropriate trays. Two bags of coconut fiber for each treatment were placed on a demand tray, which had two electrodes for controlling the level of the solution. When plants transpired, the water level dropped, which was detected by the electrodes thus initiating irrigation. The irrigation stopped when the level of water in the tray returned to the initial level. Additionally, a surplus of 30% of the plant water uptake was applied the plants to avoid nutrient imbalance and/or excessive salinity in the rhizosphere (Del Amor, Martínez, & Cerdá, 1999) . The greenhouse has three irrigation sectors, in which 0, 20 or 40 mM of NaCl (S1, S2 and S3) were added to the standard nutrient solution used by local pepper growers. The application of the resulting nutrient solutions began 50, 100 or 150 days after transplanting (DAT), according to the pattern described in Figure 1 . This pattern of NaCl application meant a total of 7 treatments (T1-T7). Pepper fruits were harvested in their mature green-colour stage on April 11 (early harvest), June 6 (intermediate harvest), and July 25 (late harvest). The greenhouse had 11 lines of plants with 24 bags (containing the substrate) each. Each treatment had four blocks with three substrate bags, containing three plants per bag. The design was fully-randomized block. Four fruits per block were harvested for each treatment and at each harvest time (early, intermediate or late harvest). 
Reagents
Reagents were purchased from Sigma (Madrid, Spain) and used without purification. Triton X-114 was obtained from Fluka and was condensed three times as described by Bordier (1981) using 100 mM sodium phosphate buffers (pH 7.3). The detergent-rich phase of the third condensation had a concentration of 25% TX-114 (w/v).
The hydrogen peroxide solutions were freshly prepared every day, and their concentrations were calculated using  240 = 39.4 M -1 cm -1 (Nelson & Kiesow, 1972) .
Phenolic Compounds
Phenolic compounds were determined in 80% ethanol using the Folin-Denis method (Kidron, Harel, & Mayer, 1978) . Analyses of each sample were made in triplicate, using chlorogenic acid for the quantification.
HPLC Analysis of Ascorbic Acid (AA)
A 50 g sample was homogenised with 100 mL of sodium phosphate buffer (pH 7.3) for 5 min in an Ultra Turrax (Ika, Staufen, Germany). The homogenate was filtered through four layers of cheesecloth. The sample was centrifuged at 1640 × g for 15 min at 20 ºC. A sample was diluted 1:1 (v/v) with 4.5% metaphosphoric acid and filtered through a 0.45-µm filter prior to injection. AA concentrations were measured following Asami method, with some modifications (Asami, Hong, Barret, & Mitchell, 2003) .
Analysis was performed using an HPLC (Merck-Hitachi, Darmstad, Germany), in a reverse-phase column Lichrospher 100 RP-18 column (Merck, Darmstad, Germany) (25 × 0.4 cm, 5µm particle size) at 245 nm using a diode array detector Shimadzu SPD-M6A UV (Shimadzu, Kyoto, Japan). The mobile phase was nanopure water brought to pH 2.2 with sulphuric acid and the flow rate was 0.5 mL min -1 (Asami et al. 2003) .
All samples were run in triplicate and the linearity range was determined from 0.005 to 0.1 mg/mL.
ORAC-FL Assay
The ORAC analyses were carried out on a Synergy HT multi-detection microplate reader, from Bio-Tek Instruments, Inc. (Winooski, Vt, USA), using 96-well polystyrene microplates with black sides and clear bottoms, purchased from Nalge Nunc International. Fluorescence was read through the clear bottom, with an excitation wavelength of 485/20 nm and an emission filter of 528/20 nm. The plate reader was controlled by KC4, version 3.4, software. The oxygen radical absorbance capacity was determined as described by Dávalvos with slight modifications (Dávalvos, Gómez-Cordovés, & Bartolomé, 2004) . The reaction was carried out in 75 mM sodium phosphate buffer (pH 7.4), and the final reaction mixture was 200 µL. 100 µL FL (3 nM, final concentration) and 70 µL of the pepper extract were placed in the wells of the microplate. The mixture was preincubated for 30 min at 37 ºC, before rapidly adding the AAPH solution (30 µL; 19 mM, final concentration) using a multichannel pipette. The microplate was immediately placed in the reader and the fluorescence recorded every 1.14 min. for 120 min. The microplate was automatically shaken prior to each reading. A blank with FL and AAPH using sodium phosphate buffer instead of the antioxidant solution and eight calibration solutions using Trolox C (6. 25, 12.5, 15, 18.75, 21.25, 25, 27 .5 and 31.25 µM) as antioxidant were also used in each assay. All reaction mixtures were prepared in triplicate and at least three independent assays were performed for each sample. In order to avoid a temperature effect, only the inner 60 wells were used for experimental purposes, while the outer wells were filled with 200 µL of distilled water.
The results were expressed as relative fluorescence with respect to the initial reading. The area under the fluorescence decay curve (AUC) was calculated by the Equation (1):
where f 0 is the initial fluorescence reading at 0 min and f i is the fluorescence reading at time i. The net AUC corresponding to the sample was calculated by subtracting the AUC corresponding to the blank. Data processing was performed using Sigmaplot software package (Jandel Scientific, German).
Partial Purification of Pepper POD
Pepper POD was extracted and partially purified using the method as described by our group (Serrano-Martínez et al., 2008) . Fresh peppers were washed, and the seeds and peduncle were removed. A 50 g sample was homogenised with 100 mL of sodium phosphate buffer (pH 7.3) for 5 min in an Ultraturrax. The homogenate was filtered through four layers of cheesecloth and the filtrate was subjected to temperature-induced phase partitioning by adding TX-114 at 4 ºC so that the final detergent concentration was 4% (w/v). The mixture was kept at 4 ºC for 15 min and then warmed to 35 ºC for 15 min. At this time, the solution became spontaneously turbid due to the formation, aggregation and precipitation of large mixed micelles of detergent, which contained hydrophobic proteins and phenolic compounds. This turbid solution was centrifuged at 10,000 × g for 15 min, at 25 ºC. After discarding the pellet and detergent-rich phase, the clear detergent-poor supernatant which contained the soluble POD, was brought to 30% saturation with (NH 4 ) 2 SO 4 under continuous stirring at 4 ºC. After one hour, the solution was centrifuged at 60,000 x g for 30 min at 4 ºC and the pellet was discarded. (NH 4 ) 2 SO 4 was added to the clear supernatant to give 80% saturation and stirred for 1 hour at 4 ºC. The precipitate obtained between 30% and 80% was collected by centrifugation at the same rotor speed and dissolved in a minimum volume of 100 mM sodium phosphate buffer, pH 7.3. The salt content was removed by dialysis and the enzyme was stored at -20 ºC.
Enzymatic Activity
The POD activity was followed spectrophotometrically in a Shimadzu model UV-1603 spectrophotometer at the absorption maximum of the ABTS radical cation, 414 nm ( 414 = 31.1 mM -1 cm -1 ) (Rodríguez-López, Espín, Del Amor, Tudela, Martínez, Cerdá, & García-Cánovas, 2000) . One unit of enzyme was defined as the amount of enzyme that produced 1 µmol of ABTS radical per minute.
The standard reaction medium at 25 ºC contained 1 ng/mL of partially purified peroxidase, 50 mM sodium citrate buffer (pH 4.5), 1 mM ABTS, 6 mM H 2 O 2 and tropolone 0.2 mM in a final volume of 1 mL.
Marketable Yield
Four blocks of six bags each were examined for marketable yield (72 plants) per treatment. Fruit harvesting was performed at the green stage of ripening. Marketable fruit yield was considered those Extra, I, II and III fruit class category, being defined as Extra: uniform color, good health state, square shape, and weight >190 g; class I: uniform color, good health state, non-square shape and weight >225 g; class II: uniform color, good health state, non-square shape and weight of 224 -170 g; class III: uniform color, good health state, non-square shape and weight of 100 -170 g.
Statistical Analysis
All data were analyzed for significant differences by one-way analysis of variance and Duncan's multiple range test at P< 0.05 using the Statgraphics Centurion Version 15 statistical package (StatPoint Technologies Inc., Warenton, VA).
Results
Phenolic Compounds
In the present paper, the effects of increasing NaCl concentrations on phenolic compounds were determined in mature fruits of plants stressed at different ages. As the NaCl concentration in the irrigation water increased from 0 to 40 mM ( Figure 2 ) the total phenolic compound content in pepper fruits also increased. This effect was www.ccsenet.org/jas Journal of Agricultural Science Vol. 6, No. 12; observed in early, intermediate or late harvested fruits (Figure 2 ), but it was most pronounced in fruits harvested early, in which the total phenolic content increased 4 folds compared with the 2 and 1,8 fold increase recorded in intermediate and late harvested fruits. This effect can be explained by the fact that the early harvested pepper came from younger plants with a greater response capacity. The level of total phenolics for T2 and 50 DAT was slightly increased with the age of the plant. However, in all cases, the level of total phenolics for T3 and 50 DAT was the same (516 mg/100 g FW) it was independent of the plant age, whereas in the case of the control (T1), the level of phenolics increased with the age of the plant (Figure 2) . 
Ascorbic Acid (AA)
When the vitamin C content was compared in mature pepper fruits from plants grown with different concentrations of NaCl, the moment at which they were harvested was seen to have a very significant effect (Figure 3) . In non-salinized plants (T1, Figure 3 ), early harvested plants produced mature fruits with much higher concentrations of vitamin C (440 mg/100 g FW) than fruits harvested later (88 and 31 mg/100 g FW) (Figure 3) . Thus, older plants, produced mature pepper fruits with less vitamin C. 20 mM of NaCl in the irrigated water significantly reduced the vitamin C content of early or intermediate harvested pepper fruits, but no further reduction was observed when 40 mM NaCl was applied.
In the case of early harvested peppers, T2 and T3 samples (treated with NaCl 20 or 40 mM, respectively) showed a 35% lower level of vitamin C that the control. In the case of intermediate harvested peppers, a 70% decrease was observed. However, in late harvested peppers a decrease only of 10% was observed (Figure 3 ).
It is also important to note that the time of treatment had no effect on the vitamin C level of mature fruits. Hence, the vitamin C level of peppers from 50, 100 or 150 DAT plants was the same (Figure 3) . 
Antioxidant Capacity
When the antioxidant activity of mature pepper fruits from plants subjected to different NaCl concentrations was measured a slight but statistically important increase was observed when 20 mM NaCl was applied in the early stage of plant development (50 DAT, T2, T3) compared with the control (T1, Figure 4 ). However, in peppers from plants treated 100 (T4, T5) or 150 DAT (T6, T7), antioxidant activity clearly decreased as salinity increased from 0 to 40 mM (Figure 4) . Thus, an application of 20 or 40 mM NaCl to old plants that had not previously been subjected to salt stress had more effect than observed in plants salinized since they were young (Figure 4) . 
POD Activity
The results obtained in this paper showed that the POD level increased in mature pepper fruits with the age of the plant. Thus, POD levels of 31, 161 and 200 UE/g FW were recorded for early, intermediate or late harvested pepper fruits, respectively (T1, Figure 5 ). POD activity also increased with water salinity in pepper fruits harvested early, intermediate or late (Figure 5 ), an effect that was attenuated when salinity was imposed in the later stages of the crop cycle (T6, T7). When 40 mM NaCl was applied to the plant, late harvesting increased POD activity in mature pepper fruits, depending on the moment from which this concentration of NaCl was applied. For example POD activity was 200 EU/g FW in control pepper fruits (T1) but 460, 380 and 320 EU/g FW in 50, 100 or 150 DAT fruits, respectively. 
Marketable Fruit Yield
Marketable fruit yield was significantly affected by both NaCl concentration in the nutrient solution and duration of the stress (Figure 6 ). Yield was increased as it was delayed the date stress was imposed and it was decreased as NaCl concentration increased. Thus, when 20 mM NaCl was applied from 50 DAT to the end of the study (T2), marketable yield was reduced by 55% but it was found a dramatic reduction (77%) when 40 mM of NaCl was applied during the same period (T3). Moreover, when it was delayed the application of the stress (150 DDT), marketable yield was significantly less affected compared to the control (0 mM NaCl) and it was found a decrease of 22.6% or 29% when 20 or 40 mM NaCl was applied (T6 y T7). 
Discussion
Phenolic compounds in plants are produced through the phenylpropanoid pathway, and can be induced by environmental stresses or elicitors (Giorgi, Mingozzi, Madeo, Speranza, & Cocucci, 2009 ). Thus, the phenolic compounds in plants may be altered by salt stress, the growth conditions and plant genotype or variety.
It has been described in the literature that pepper cultivated in soilless conditions and moderate salinity is a good source of phenolic compounds, which, in addition to their antioxidant role, can contribute to improving fruit colour and flavour (Estrada, Bernal, Díaz, Pomar, & Merino, 2002) . The results obtained in this paper suggest that the increase in phenolic compounds concentration is directly related with the intensity of the stress (T2 and T3 of Figure 2 ) and also with the age of the plant (the phenolic content increased with age). Ruiz and Romero (2001) found that, terpenes and phenolics are the most important secondary metabolites for abiotic stress tolerance due to their structural properties, whilst Wahid and Ghazanfar (2006) found that the enhanced synthesis of soluble phenolics is directly correlated with salt tolerance. The phenolic compounds showed a higher response to salinity than that reported by Navarro et al. (2006) , perhaps indicating the higher salinity tolerance of this variety.
The main form of vitamin C in pepper is AA, a form that contributes 95% of the total content of vitamin C (Marín, Ferreres, Tomás-Barberán, & Gil, 2004) . Vitamin C is highly bioavailable and it is consequently one of the most important water-soluble antioxidants in cells, efficiently scavenging reactive oxygen species such as O 2 − , OH, peroxyl radicals and singlet oxygen (Halliwell, 1996) .
The relatively low impact of saline water on vitamin C synthesis in late harvested fruit could indicate that the moment of harvest is more important than the duration of saline stress. Navarro et al. (2006) found that salinity reduced the vitamin C content of green peppers, while in cherry tomato, it has been reported that an increase in the salt stress level produces an increase in both vitamin C and E contents (Serio, De Gara, Caretto, Leo, & Santamaría, 2004) . Our results suggest that 20 mM NaCl in the irrigation water is sufficient to synthesize vitamin C in the fruits (Figure 3 ).
It has previously been described that pepper fruits subjected to hyperosmotic stress produce a physiological antioxidant response (Smirnoff, 1995) . Very few studies have been carried out to evaluate the influence of saline stress on the antioxidant activity of fruit. The results obtained in this paper are similar to those described in the literature for tomato (D'Amico, Izzo, Navari-Izzo, Tognoni, & Pardossi, 2003) and strawberry (Keutgen & Pawelzik, 2007) . The increase in antioxidant activity with water salinity of mature peppers from young plants, treated from 50 DAT (Figure 4 ) may be due to the greatly increased synthesis of phenolic compounds (Figure 1) .
Moreover, the decrease with water salinity of antioxidant activity of mature peppers from plants treated 100 and 150 DAT is probably due to a decrease in both phenolics ( Figure 2 ) and vitamin C (Figure 3 ).
POD is an oxidative enzyme associated with many cellular alterations. It is known to catalyze the crosslinking between tyrosine residues of cell walls and ferulic acid (Fry, 1986) . Moreover, a clear correlation between POD and the synthesis of lignin and suberin has been established (Lagrimini, Vaughn, Erb, & Miller, 1993 ). An increase of POD in ripe cucumber, especially in the fruit skin has also been described (Repka & Fischerrová, 1996) . All these studies point to the involvement of POD in the changes that take place in the cell walls as the cells adapt to stress.
When the influence of salt stress in the POD activity was studied (Figure 5 ), the results obtained in this paper were similar to those described for Vinal (Prosopis ruscifolia G.), in which salt stress doubled POD activity compared with the control. It has also been described how the roots of a hydroponic crop of tomato (Lycopersicon esculentum cv. Pera) showed an increase in POD activity ten days after the salt stress was applied (Quiroga et al., 2000) . In the same way, POD activity increased in melon fruit (Cucumis Melo L.) when plants were grown under salt stress (Rodríguez-López et al., 2000) .
This increase in POD activity may be related with the increase in phenolic compounds (Figure 2 ) and antioxidant activity observed with increasing salinity in the irrigation water (Figure 4 ).
Several studies pointed out that fruit yield reduction under saline conditions was lower with decreasing time of salt exposure (Adams & Ho, 1993; del Amor et al., 1999; Del Amor, Martínez, & Cerdá, 2001 ). This could be related to the time during which high concentrations of Cl -and Na + remain in the leaves, but also associated with a nutrient umbalance caused by disturbed uptake or distribution of essential mineral nutrient as Chartzoulakis and Klapaki (2000) studied the response of two pepper hybrids during different growth stages (germination, seedling growth and vegetative growth) which agreed with our results about the differential response of this crop to salinity with respect to the stage at which salinity was imposed ( Figure 6 ). Nowadays technological advances have made desalination an economically feasible solution for high-return agriculture, especially in arid regions but the relatively high cost of desalination are still prohibitively high for full use by most irrigated agriculture (Martínez Beltrán & Koo-Oshima, 2006 ).
In conclusion, irrigation with saline water affected several parameters of pepper fruit quality: phenolic compounds, vitamin C, antioxidant capacity and peroxidase activity. An increase in the NaCl concentration of the irrigation water led to a decrease in the vitamin C level in the late harvested pepper fruits, and in the antioxidant capacity. Total phenolics and peroxidase activity increased significantly as the saline concentration increased in water. Additionally, this study showed that the marketable fruit yield was significantly affected by the salinity in the nutrient solution and duration of stress. Therefore, this study shows the differential quality of fruits when they are harvested in the early or late stages of the crop cycle. The increase in salinity of the irrigation water led particularly increased the antioxidant activity in young plants. This study can provide a methodology to save good quality water by using an irrigation solution with moderate salinity at the appropriate growth stage in sweet pepper crop. This is very important for the growers and this also shows the need of the study commercially. 
